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Fermion masses

Introduction

The fermion masses reported in [1] are

Family Particle Mass

u 22798 MeV
1 d 4.775° MeV

e 0.511 MeV

c 1.27 £0.03 GeV
2 s 9618 MeV

1 105.7 MeV

t 173.21 £ 0.71 GeV
3 b 4181391 GeV

T 1.776 GeV
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Fermion mass hierarchy (FMH)

Introduction
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u,d,e Unitsof MeV | u, s Hundreds of MeV
¢, b, 7 Units of GeV t Hundreds of GeV

SF Mantilla S |



Chiral anomaly equations

Abelian Extensions

The FMH might be addressed by nonuniversal abelian extensions. .
However, the new model may not cancel chiral anomalies at each
family but when the three are taken into account. It is possible new
exotic quarks and leptons should be added to ensure

cancelation[2, 3].
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Suppresion square texture (SST)

The simplest example of the SST comprises two fermions f and F
coupled by two Higgs scalars ¢1 2 with the vacuum hierarchy (VH)
vi < vo. The Yukawa Lagrangian is

—Ly :Ae’afi(m (Saf,q + Ca]:;q) + Beibchﬁg (S/gf/q + C,g}—/q) + h.c.,

where the Yukawa coupling constants are parametrized in polar
coordinates, i.e., the coupling constant among f;, Fg and ¢ is Ae”c,.
The corresponding mass matrix after evaluating at the VEVs is

Ae?vysina Aevq cos a
Msst = .

Be®v, sin3  Be®v,cos
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Suppresion square texture (SST)

The mass eigenvalues as well as the mixing angle of the left-handed
fermions are obtained by diagonalizing the matrix MM*. The
eigenvalues and the mixing angle of the left-handed fermions are

m? ~ A2vZ sin®(a — 3),

mz ~ B?vZ + A?vZ cos?(a — ),
The suppression in the first eigenvalue of the matrix through the sine
of the difference between « and 3, and the enhancement of the
second eigenvalue because of the addition of the complementary

function of the first eigenvalue make the SST an appealing structure
to address FMH.
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Scalar fields

Particle content

Doublets XE | Singlets XE

o5 :

&y = | p +‘V11+1'V]1 + 2/3+ X = % + 1/3+
V2
(/5; 2/ Eyt+Vy —

Go = | mptvasing +2/3 ) =se 0
NA)
d); 1 /ot 1/a~

O3 = | hytvarting +1/3 o +1/3
V2

The scalar sector is composed by three Higgs doublets with
V2 4 V2 + V2 = (246 GeV)?,

and two Higgs singlets x and « which break the new abelian
symmetry U(1), and give masses to non-SM fermions. Additionaly,
the VH assumed to obtain the FMH is[4]

Vy Units of TeV vy Hundreds of GeV
vy, Hundreds of GeV Vo Units of GeV
LA Units of keV vz Hundreds of MeV
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Quarks

Particle content

Left-handed X* | Right-handed X=
SM Quarks
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Up-like quarks Yukawa Lagrangian

Up-like quarks mass matrix

The most general Yukawa Lagrangian invariant under U(1)y ® Z in
the up-like quark sector is
—Lyy=Ayeq] s (sVul + cVuf) +

+ Bue’qu1 d>2 (sYuf +ciTh) +

+Cye™ g2 (sYui + cUTR) +

+ DUe"”Uq3<D1 (sfuf + cYud) + (1)

+ Eye®T x* (sVud + cUTR) +

+ Fue™ s T2y (sYug + c4 TR)

+ Fue”UcéjzﬁLx*TRz + h.c.
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Mass eigenvalues

Up-like quarks mass matrix

AyeusYvs By e"‘bU sYv,  Ayeuclvs By e’f’u cyve 0
0 CueusYvy 0 Cueuclvy 0
My = 7 DyedusYvy 0 DyeucYvy 0 0
0 EyeusYv, 0 EyeucYv, 0
0 0 0 0 Fyeluv,

By taking advantage of the VH , the eigenvalues of MUML are

m >
v2 v2
m2 ~ B? sin? (BU eU) ?2 + C sin? (7“ - eU) ?1,
V2
m? =~ D? - + A2 cos? (aU 7“) ?3,
2 /2 2
(
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Down-like quarks Yukawa Lagrangian

Down-like quarks mass matrix

The most general Yukawa Lagrangian invariant under U(1)y ® Z in
the down-like quark sector is

—Ly,p=Ape®q] oz (sPal + cD7}) +
+ Bpe g2 (s5d3 + cBdf)
+ Cpe® qdd, (sPa + Pdf) +
+Dpe® 7' (sPdh + cf T}
+ Epe® 71y (sPaR + cPdd) +
+ FDe"’DjT?x*J,% +h.c.
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Mass eigenvalues

Down-like quarks mass matrix

Ape'asBy, 0 0 Ape@ cBy, 0
; 0 Bp e{bD sg vs Bp e{bD cg Vs 0 0
Mp = — 0 CpevsPv,  CpeocPy, 0 0
v2 DpesPv,  EpeeosPv, Epe®ocPv, DpedocPy, 0
0 0 0 0 Fpeov,

By taking advantage of the VH , the eigenvalues of MDML are

V2
m3 = A2 sin?(aP 760)?3,

V2
8 ~ B sind (0 — %) 5,
2
N
mb~CD—+BDcos (6 — )?,
V2 V2 V2
m?, ~D2 b E2§+ADcos < —5“) ?3,
V2
me, ~ F3 ?X
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Leptons

Particle content

Left-handed X*= | Right-handed XE
SM Leptons + RH neutrinos
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Neutral Leptons Yukawa Lagrangian

Neutral leptons mass matrix

The most general Yukawa Lagrangian invariant under U(1), ® Z, in
the neutral lepton sector is

~Ly N =BniBd208 + Davg YN a+
“CwN’H‘F
+AN2€ divh + CNf P3vf + Fnvg VECYN R+

HNNCGNNF; + h.c.

+ Ani €] Dovls + Brpl20 0 + Epvls

SF Mantilla S |



Majorana neutrino mass matrix

Neutral leptons mass matrix

o M o0
My=| M, 0 My |,

0 My My
with M, as the Dirac mass matrix between v, and vg

1 0 Anive  AnaVi
M, =— | Bnive Bpnewy 0 )
V2 \ 0 Cuvs
My the Dirac mass matrix between v$ and Nz
v. (Pnt Dnz Dws
My = % Ent En2 Ens |,
Fni Fne  Fas

where En1 = pyEpyq With py = vy /vy, and My = Gy is the
Majorana mass of Ng with u the scale of the Majorana mass.
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Mass eigenvalues

Neutral leptons mass matrix

The inverse seesaw, together with the VH yield a massless neutri
v}, and two light neutrinos, »? and 13,

2. B3, Gnz unv2 2AN1 B3, En1 Gne Ga N Vi V2
2 ~ - 9
Y ER, V2 Gna(ARERp Gt — B3 DRy Gre) VR

o ARG pnvi 2AN1A2,Bn2Ghno Gt Ga pinVi Ve

M, ~
3
! Dy V2 Eni(ARpEReGni — B DRy Gne) - V2

and the masses of the exotic species

_ vy Gnipn o vy |, Gnipn
mN;? = D1N\ﬁ - > an;:f = D1Nﬁ + 5
B vy Gnepn o Vy | Gnapw
Mpg = EZNE -5 Mye = EZNE +—
V. G V. GN N
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Charged Lepton Yukawa Lagrangian

Charged leptons mass matrix

The most general Yukawa Lagrangian invariant under U(1), ® Z, in
. 9 X
the down-like quark sector is
—LvyE =AE€iaEE¢3 (351 sEoeq + cEishref + 0525/2?) +
+ Cee e 304 (s5ys5,6f + ¢y 5565 + c56R) +
+ BeePe2dyely + D€' &) x (s5EL + cEER) + (5)
+ Ege® 2y (sE shed + cf shef + c5E3) +

+ Feee 2yl + Gee9 3y (sEEf + cEE3) + huc.

SF Mantilla S |



Mass eigenvalues

Charged leptons mass matrix

AESa1 o V3 0 AEca1 O42V3 0 AEC§2V3 0
0 Be V3 0 0 0
M- & CesE sE,v 0 Cect s, 0 Cectyny 0
E- 2 0 0 0 Desk vy 0 Deck vy
EesEsE v, Feeevy  Epchist vy 0 EgePecE, v, 0
0 0 0 GESE vy 0 GECE vy

By taking advantage of the VH , the eigenvalues of MEMT are

2

2 v

2 22 ain? (E)ain2 (wE _ ~E) Y3 2 g3
ms &~ A2 sin® (of ) sin® (ag —~5) &, mHNBU2,
2 . 2an2 (AE_ EV Y 2 2 V&
2 ~ CZsin® (v§ — ) 1, mgy = ED

2
2 Vi
v 2 22X
2~ E2% +CZCOSZ('y —e5) 4+, mes ~ Gg -
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Summary of fermion masses

Conclusions

Family Mass Mass
Up-like Quarks Down-like Quarks

1 u AUSaU—JU% 1 MeV d ADSQD—()"D% 1 MeV

Vi V3
2 ¢ Cuysywy_y— 1GeV s Bpssgp_p— 10% MeV
USiU-cU 5 bSs0-0 75

DUv1 2 CDV2
3 t 10 GeV b 1 GeV
V2 V2
Neutral Leptons Charged Leptons
1 0 — e AESQE,(;E% 1 MeV
B2, Gnz unv? Bevs
2 2 N2 L 1meV 4 102 MeV
L AZE% v§2 V2
LN V- Vi
3 3 DN ZNUENG 4 meV ¢ Ceseoce—=  1GeV
vp D% v)% ESyE E\@

Table: Summary of fermion masses.
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Thank you for your attention and kindness!
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